Background: Malaria and tetanus infections among pregnant women represent two major public health problems in sub-Saharan Africa. Optimum use of Intermittent preventive treatment in pregnancy (IPTp) with sulfadoxinepyrimethamine (IPTp-SP) and immunization against tetanus among pregnant women during antenatal care (ANC) visits are recommended strategies to prevent these issues. Despite these recommendations, many women in Africa remain deprived of these cost-effective and life-saving interventions. In this study, we aimed to examine the prevalence of women using these two services, and the association between women's uptake of IPTp-SP and tetanus toxoid (TT) with antenatal care use in Ivory Coast. Methods: This study was based on the fifth round of Multiple Indicator Cluster Survey (MICS 5) conducted in Ivory Coast in 2016. Participants were 9583 women aged between 15 and 49 years. Outcomes were TT and Intermittent preventive treatment with sulfadoxine-pyrimethamine (IPTp-SP). Data analysis was conducted using bivariate and multiple logistic regression. Results: In this study, the prevalence of taking TT immunization and IPTp-SP drugs was 81.97 and 17.83% respectively. Of the participants who took these drugs at all, the prevalence of taking adequate doses of TT immunization was 78.75% and that of IPTp-SP was 35.46%. In the multivariable analysis model, higher age groups, 25-29 years (OR = 2.028, 95%CI = 1.120-3.669) were found to be positively associated with uptake of adequate doses of IPTp-SP drugs. Women who attended at least four ANC visits had higher odds of taking IPTp-SP drugs (OR = 1.656, 95%CI = 1.194-2.299) and TT immunization (OR = 2.347, 95%CI = 1.384-3.981), and also had higher odds of receiving adequate doses of IPTp-SP drugs (OR = 3.291, 95%CI = 2.157-5.020) and that of TT immunization (OR = 1.968, 95%CI = 1.398-2.771). The odds of taking IPTp-SP drugs were significantly higher among women with primary (OR = 2.504, 95%CI = 1.020-6.146) and secondary/higher education (OR = 3.298, 95%CI = 1.343-8.097) compared to those with no education. Also, women with higher parity had lower odds of taking TT immunization (OR = 0.218, 95%CI = 0.055-0.858) compared to those with lower parity. Findings from this study also revealed that the odds of taking adequate doses of IPTp-SP drugs were significantly lower among participants from Mandé du Nord ethnicity (OR = 0.378,95%CI = 0.145-0.983) compared to those from other ethnicities.
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Conclusion: In this study, uptake of IPTp-SP drugs was much lower than TT immunization. High number of ANC visits were found to be significantly associated with taking IPTp-SP drugs and TT immunization and also with that of taking them in adequate doses. Vaccination promotion is necessary to protect pregnant women and reduce adverse health outcomes among the newborn in Ivory Coast.
Keywords: TT immunization, IPTp-SP drugs, Pregnant women, ANC visits, Ivory Coast Background Tetanus and Malaria in pregnancy are a major public health problem causing maternal, fetal and infant morbidity and mortality especially in sub-Saharan Africa [1] [2] [3] [4] . Human Malaria is caused by five different species of Plasmodium: P. falciparum, P. malariae, P. ovale and P. vivax, and transmitted to people though the bites of infected female Anopheles mosquitoes [5, 6] . In 2017, WHO estimated 219 million cases of malaria in 90 countries and 435,000 deaths related to malaria. The sub-Saharan African region has been reported to carry the highest proportion of the global malaria burden; accounting for 92% of all malaria cases and 93% of malaria deaths [7] .
To prevent and reduce malaria transmission, two forms of vector control are recommended by WHO; sleeping under insecticide-treated bednets (ITNs) [8] [9] [10] and indoor residual spraying with insecticides [11] [12] [13] . Besides this, environmental management practicesclearing bushes and draining stagnant water around houses also provide a form of prevention [14] [15] [16] . To prevent malaria in pregnant women living in areas of moderate and high malaria transmission especially in Africa, intermittent preventive treatment in pregnancy (IPTp) with sulfadoxine pyrimethamine is recommended by WHO [17, 18] . Among 23 African countries surveyed on IPTp coverage levels in 2016, an estimated 19% of eligible pregnant women reported receiving the recommended 3 or more doses of IPTp, compared with 18% in 2015 and 13% in 2014 [19] .
While some major progress has been made, the burden of malaria is still high in sub-Saharan Africa where an estimated 30 million pregnant women are at risk of contracting the infection yearly [17, 20] . In one of these countries (Ivory Coast), malaria infection in pregnant women has been reported to be the primary cause of anemia and fetal growth retardation, miscarriages, stillbirth as well as acute illness, pregnancy loss or preterm delivery, and early neonatal mortality [21] [22] [23] .
With regards to maternal and neonatal tetanus (MNT), it is caused by a potent neurotoxin that is produced by clostridium tetani, a common toxic bacterium in soil and in animal intestinal tracts [24] . Tetanus is characterized by painful muscle spasms, serious complications, and can eventually lead to death [25] . Neonatal tetanus (NT) is particularly common and serious in rural areas where most deliveries take place under unhygienic conditions at home where sub-standard prenatal and postnatal care for childbirth prevail. Most of the infected infants do not survive or experience seriously debilitating outcomes. In 2013, WHO estimated about 49,000 neonatal deaths were caused by NT alone [26] . Besides neonates, people of all ages can get tetanus, but it can be prevented by the administration of tetanus toxoid (TT), which induces specific antibodies. To prevent maternal and neonatal tetanus (MNT), TT immunization needs to be given to the mother before or during pregnancy, while also ensuring clean delivery and good cord care practices [27, 28] . Some studies have reported that the uptake of IPTp-SP and TT immunization are associated with women's level of education, age, residency, wealth index, parity, mass media use and distances from women's home to health facilities [29, 30] . Also, it has been reported that antenatal care (ANC) visits increases the uptake of IPTp-SP and TT immunization [31] [32] [33] [34] . However, in Ivory Coast the proportion of women who take up IPTp-SP and TT while seeking ANC services and the factors associated with this is not known. The objective of this study therefore was to determine the proportion of pregnant women who use IPTp-SP and TT immunization, and the association between women's uptake of IPTp-SP and TT immunization with antenatal care use in Ivory Coast.
Methods

Data source
Data were collected from the fifth round of the Multiple Indicator Cluster Survey (MICS) for Ivory Coast, which was conducted in 2016. The Fifth Multiple Indicator Cluster Survey (MICS 5) in Ivory Coast was initiated by the Ministry of Planning and Development and executed in 2016 by the National Institute of Statistics (INS), as part of the global program for MICS surveys that have been developed by UNICEF since 1990 as an international household survey program. This program aims to support countries in collecting internationally comparable data across a wide range of indicators. Among other things, the MICS 5 Survey provides: (i) recent and detailed information for assessment of the situation of children and women in Ivory Coast; (ii) basic data to evaluate the progress towards the Millennium Development Goals (MDGs), follow the Sustainable Development Goals (SDGs) and National Development Office (PND) 2016-2020. The main objective of the survey was to generate quality data on maternal and child health to facilitate evidence-based policy making, program monitoring towards the Sustainable Development Goals. In this survey 12,463 women were selected from 512 clusters (about 25 households per cluster), of whom 11,780 were interviewed (Response rate 94.5%). Details of the survey have been published elsewhere [35] .
Outcome variables
The outcome variables in this study are similar to the one used in our previous study [30] , namely "adequate use of Tetanus toxoid (TT)" and "intermittent preventive therapy with sulfadoxine-pyrimethamine (IPTp-SP)". These variables were measured by asking the respondents whether or not they received 1) TT vaccination and 2) Fansidar (sulfadoxine-pyrimethamine, SP) during their last pregnancy. According to WHO recommendations, at least three doses of TT (> 2 doses) was defined as adequate and < 2 doses, inadequate. For IPTp-SP, at least three (≥3 doses) doses were defined as adequate while less than three doses (< 3 doses) were considered inadequate.
Control variables
The following variables were considered for controlling the analysis due to their known /theoretical association with utilization of TT vaccination in the general population:
Age groups (15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49) ; Residency (Urban, Rural); Region (North, South, West); Education (Pre-Primary/ None, Primary, Lower Secondary, Upper Secondary/higher); Ethnicity (Akan Mandé Du Nord, Gur Ethnic, Non-Ivorian, Other); Wealth status (Poorest, Second, Middle, Fourth, Richest) [36] ; Parity (1/2, 3/4, > 4); Radio use (Not At All, Less Than Once A Week, Almost Every Day); TV use (Not At All, Less Than Once A Week, Almost Every Day); Internet use (Yes, No); ANC visit (less than four/ Inadequate, > 4/Adequate).
Statistical analyses
Data analysis was performed using Stata version 14. Prevalence rates of taking TT vaccination and IPTp-SP for each explanatory variable were shown as percentages by using the survey command to account for survey weights. In the next step, we performed binary logistic regression modes to calculate the odds ratios of the associations between taking TT vaccinations, IPTp-SP and the covariates. Chi-squared bivariate tests and binary logistic regression analyses were used to examine the association. Variables that showed significant association in the bivariate tests were used for the multivariate analysis.
For multivariate analyses, separate analyses were performed for rural and urban sample along with the pooled analysis. We did additional tests by including interactions terms such as wealth#education and educatio-n#ANC. No significant interactions were observed in the total or stratified (urban /rural) models (results not shown). Statistical significance was set at p-value of < 0.05 for all analyses.
Results
A total of 9583 pregnant women aged 15-49 years were included in this study. Out of this, 81.97% received TT immunization, 78.75%received at least two doses of TT immunization, 17.83% received IPTp-SP drug and 35.46% received at least three doses of IPTp-SP drug. The proportion of TT immunization was 27% among women aged 25-29 years, 69.6% were residing in rural areas (69.6%), 62.7% among women with no formal education, 25.9% among participants from the Akan ethnicity, 27.3% among women from households with the poorest wealth quintile, 43.7% among those who have given birth at least once. Among women who did not use newspaper, radio and TV, the proportion of TT immunization was 71.3, 63.2, and 47.6% respectively. More than half (53.8%) of the women who received TT immunization had had at least three ANC visits.
Higher proportions of women who took at least two doses of TT immunization were observed among women aged 20-24 years (26.5%), women who lived in the rural areas (69.6%), those who had never attended any formal education (60.9%), and participants who belonged to the Akan ethnic group (27.7%). The results of this study also show that the percentage of women who took at least two doses of TT immunization was higher among pregnant women with the poorest households wealth (24.9%), those who had delivered at least once (46.6%), those who did not use newspaper (72.1%), radio (62.1%) nor watched TV almost every day (49.9%), and those who attended at least three ANC visits (60.2%).
In this study, most women using IPTp-SP drugs were in the age group of 25-29 years (28.2%), women who lived in rural areas (69.8%), those who had no formal education (61.7%), participants from the Akan ethnicity (28.7%), those from households with the poorest wealth quintile (27.9%) and women who had delivered at least once (42.4%). It also shows that the proportion of taking IPTp-SP drugs was higher among participants who did not use newspaper (71.1%) and radio (64.2%), watched TV almost every day (47.4%), as well as women who attended at least three ANC visits (53.2%). Table 1 shows that uptake of three doses of IPTp-SP drugs was higher among participants aged 25-29 years (28.4%), those who lived in rural areas (66.2%), had no formal education (56.3%), women who belonged to the Table 2 shows the results of multivariable regression model. The findings of this study showed that women's age, ethnicity and number of ANC visits were significantly associated with taking adequate doses of IPTp-SP drugs. Whereas, women's educational level and number of ANC visits were statistically associated with increased odds of taking IPTp-SP drugs. Women of age group 25-29 years had higher odds (OR = 2.028, 95%CI = 1.120-3.669) of taking the adequate doses of IPTp-SP drugs compared to those aged 15-19 years. When stratified by areas, this positive association was observed only for urban women aged 25-29 years (OR = 3.943, 95%CI = 1.431-10.86) compared to those aged 15-19 years. Having primary and secondary/high educational level increased the odds of taking IPTp-SP drugs (OR = 2.504, 95%CI = 1.020-6.146) and (3.298,95%CI = 1.343-8.097) respectively, compared to those with no formal education. Stratified by areas, the significant association between education and IPTp-SP drugs was true for urban women only who had secondary/high educational level (OR = 3.212,95%CI = 1.002-10.29) compared to those with no formal education. Similarly, we found a strong association between ANC visits and IPTp-SP drugs (OR = 1.656, 95%CI = 1.194-2.299). Upon stratification by areas, the odds of taking IPTp-SP drugs were significantly higher among women who attended at least 4 ANC visits in both urban (OR = 2.126, 95%CI = 1.214-3.724) and rural areas (OR = 1.597, 95%CI = 1.037-2.459) compared to those who attended less than 4 ANC visits. Our results also indicated that IPTp-SP doses was associated with 4 ANC visits (OR = 3.291, 95%CI = 2.157-5.020) compared to counterparts who attended less than 4 ANC visits. Also, the probability of taking adequate doses of IPTp-SP was higher among women with at least 4 ANC visits in both urban (OR = 2.777, 95%CI = 1.286-5.999) and rural areas (OR = 4.087, 95%CI = 2.350-7.107) compared to those who had less than 4 ANC visits. However, the odds of taking the adequate doses of IPTp-SP drugs were lower among women who were from Mandé Du Nord ethnic group (OR = 0.378, 95%CI = 0.145-0.983) compared to those from another ethnicity. Table 3 shows the correlates of using TT immunization among pregnant women in Ivory Coast. After adjusting for possible confounding by each of the covariates in the multivariate logistic regression, pregnant women's age, parity and number of ANC visits were associated with TT immunization. Only ANC visits was significantly associated with a higher odd of receiving the adequate doses of TT immunization.
Accordingly, the probability of using TT immunization was significantly higher among women aged 35-39 years (OR = 7.842, 95%CI = 1.088-56.50) compared to those 15-19 years old. This result is true for rural women only. Having higher parity (> 4) was significantly associated with lower odds of receiving TT immunization for rural participants only (OR = 0.218, 95%CI = 0.055-0.858) compared to those who had delivered at least once. The model also reveals that women who had attended 4 
Discussion
Despite numerous government interventions, tetanus and malaria related morbidity and mortalities remain a significant public health challenge across Africa. In the last few years, public health programs have been trying to promote preventive techniques such as the use of tetanus toxoid and IPTp-SP, however, challenges remain in increasing the prevalence of these highly cost-effective strategies.
In Ivory Coast, the current policies for malaria and TT immunization are those recommended by WHO for the prevention of malaria and tetanus during pregnancy using intermittent preventive treatment with sulfadoxine pyrimethamine and TT vaccination respectively. These policies are excellent with a high potential of reducing the burden of these diseases in this country. However, implementation of these policies is limited, and women's uptake of the vaccines sometimes hindered by partners objecting to it [37, 38] .
In this study, we found the proportion of women who took IPTp-SP drugs (17.83%) and in adequate doses (35.46%) was much lower than that of those who received TT immunization and in adequate doses among pregnant Ivory Coast women. This observation is dissimilar to the previous studies that found higher rates of taking IPTp-SP drugs [18, 39, 40] . This disparity could be influenced by distance of health facilities from the women's homes, low education of the women, household income level of the women and lack of information about the effectiveness of taking IPTp-SP drugs.
Using regression analysis model, we found that women's age was an important indicator of the taking of both IPTp-SP drugs and TT immunization. For instance, women aged 25-29 years had higher odds of receiving adequate doses of IPTp-SP drugs compared to those aged 15-19 years. This finding is in line with previous crosssectional studies conducted in Malawi and Tanzania [32, 41] . Similarly, the odds of TT immunization usage were significantly higher among women aged 35-39 years compared to those aged 15-19 years. However, the association was significant for only rural women. This finding is consistent with the study by Dubale and colleagues, that involved women in Ethiopia also showing an association between higher age and utilization of TT immunization [42] . There is a possibility that women in higher age groups have been exposed to multiple pregnancies and also had opportunity to attend more ANC visits where information about TT immunization was given compared to their younger counterparts. We also found that participants who attended at least four ANC visits had higher odds of taking IPTp-SP drugs and TT immunization compared to those who attended less. Having at least four ANC visits was significantly associated with higher odds of receiving adequate doses of IPTp-SP drugs and TT immunization compared to those who attended less than four ANC visits. The probability of taking IPTp-SP drugs was significantly higher among pregnant women who had at least four ANC visits during the last pregnancy compared to their counterparts. This finding with regard to healthcare service is similar to studies conducted in Ghana [43, 44] , Malawi [32, 45] , Mali [46] , Cameroon [47] , and Tanzania [48, 49] . Concerning adequate doses of TT immunization, our findings also revealed that women who attended at least four ANC visits were more likely to have been immunized with protective doses of TT compared to those who made fewer visits. Other studies also verified this association [33, 50, 51] . This is perhaps because women who attend more ANC visits are more likely to be informed about the importance of IPTp-SP drugs and would therefore receive it than those who attended less.
There was a significant association between utilization of TT immunization and participant's parity. Our study revealed that women with higher parity had lower odds of TT immunization usage compared to those of lower parity (1) (2) . This was supported by findings from previous studies that have found higher parity (> 4 pregnancies) to be a significant predictor of TT immunization [52, 53] . The possible reason may be due to women's previous experience with delivery and the side effects of TT immunization. It's also possible that women with higher parity are less likely to have better education and employment. This hypothesis is supported by the present findings as well. For instance, women with primary and secondary/higher educational level had higher odds of taking IPTp-SP drugs compared to those with no education. This result is consistent with previous studies done in Malawi, Uganda and Ghana in which high maternal education was significantly associated with high uptake of IPTp-SP drugs [18, [54] [55] [56] [57] . This is likely because education can empower women to take better and more effective decisions regarding their health issues, which can contribute to adequate utilization of healthcare services like IPTp-SP drugs including ANC attendance. Women of Mendé ethnicity had lower odds of receiving adequate doses of IPTp-SP drugs compared to those from other ethnicities. There was no evidence in Africa, but ethnic differences were found in US [58] [59] [60] [61] . Possible explanation could be to the lack of confidence in vaccination among ethnic groups [62, 63] .
Strengths and limitations
The current study was not without limitations. Firstly, the study was based on secondary data from a cross sectional survey. Hence, it cannot be used to infer causality but only to show association between variables [64, 65] . Secondly, the data was collected three years ago, and although the disparity in taking IPTp-SP drugs and TT immunization still exists, the underlying causes may have changed. As strengths, the sample size was large, and the findings can be generalized for women aged 15-49 years. The cross-sectional nature of the data prevented from making any causal assumptions. The prevalence of IPT-SP and TT use was self-reported and therefore remains subject to reporting bias. We were also unable to assess during which trimester the tetanus toxoid and IPTp-SP were administered. Future studies should be conducted aiming at establishing the link of causality between ANC attendance and TT vaccination/ IPTp-SP coverage.
Conclusion
In general, our results indicate that uptake of these vaccines is low with adequate IPTp-SP dose uptake much lower than adequate TT dose uptake. Age, education level, parity, ethnicity and number of ANC visits were found to be significantly associated with taking IPTp-SP drugs and TT immunization and their adequate doses respectively. Vaccination promotion efforts need to be intensified to protect pregnant women and could reduce adverse health outcomes among the newborn in Ivory Coast.
Abbreviations ANC: Antenatal care; CI: Confidence interval; IPTp-SP: Intermittent preventive treatment of malaria during pregnancy with sulfadoxine-pyrimethamine; MICS: Multiple Indicator Cluster Survey; OR: Odds ratio; TT: Tetanus toxoid; WHO: World Health Organization
